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ValidationAbstract Voriconazole is used as an antifungal agent. A new rapid, simple, economical and envi-
ronmental friendly Reversed -Phase High-Performance Thin-Layer Chromatography (RP-HPTLC)
has been developed and validated for quantitative determination of voriconazole in bulk and in
cream formulation. RP-HPTLC separation was performed on aluminium plates precoated with sil-
ica gel 60RP-18F-254S as the stationary phase using Acetonitrile: Water (60:40% v/v) as mobile
phase. Quantiﬁcation was achieved by densitometric analysis at 257 nm over the concentration
range of 200–1200 ng/band. The method was found to give compact and well resolved band for
Voriconazole at Retention factor (Rf) 0.48 ± 0.02. The linear regression analysis data for calibra-
tion graph showed good linear relationship with r2 = 0.999. The method was validated for preci-
sion, recovery, robustness, ruggedness and sensitivity as per International conference on
Harmonization (ICH) guidelines. The Limit of Detection (LOD) and Limit of Quantiﬁcation
(LOQ) were found to be 19.99 ng and 60.60 ng, respectively. The proposed developed RP-HPTLC
method can be applied for identiﬁcation and quantitative determination of Voriconazole in bulk
and in cream formulation.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Voriconazole is designated as a (aR,bS)-a-(2,4-Diﬂuoro-
phenyl)-5-ﬂuoro-b-methyl-a-(1H-1,2,4-triazol-1-yl-methyl)-4-
pyrimideethanol (Fig. 1). It is used as an antifungal agent (The
Merck Index 2006) and its primary mode of action is by inhi-
bition of the fungal cytochrome P450-dependent 14a-sterol
demethylase, an essential enzyme in ergosterol biosynthesis
(Block and Beale, 2004).
In the literature, several methods have been described for
determination of Voriconazole in biological ﬂuids including
HPLC assay of voriconazole in human plasma (Pennick et
al. 2003), Simultaneous determination of Voriconazole and
Itraconazole and its hydroxy metabolite in human serum using
Figure 1 Chemical structure of Voriconazole.
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determination of voriconazole in human plasma using toluene
: methanol : triethylamine (6:4:0.1 v/v/v) as mobile phase.
(Dewani et al. 2011). Some methods are reported for determi-
nation of Voriconazole in pharmaceutical preparations such as
Liquid chromatography using prominence diode array detec-
tor and mobile phase of water : acetonitrile (35:65 % v/v)
(Patel et al. 2009), HPLC method for determination of Voric-
onazole using UV–visible detector and mobile phase of buffer :
acetonitrile (50:50 % v/v) (Bharati et al., 2010), Stability
indicating HPLC method (Wamorkar et al. 2010, Eldin et al.
2010), Polarography using a 0.01 M KH2PO4 water solution
(pH 4.5) as supporting electrolyte (Gianfranco et al. 2009),
Comparison of Microbiological and UV-Spectrophotometric
Assays for Determination of Voriconazole in Tablets (Adams
et al. 2006), and HPTLC determination in bulk and formula-
tion (Khetre et al. 2008).
So far no RP-HPTLC method for the analysis of Vorico-
nazole has been reported. Therefore, in the present research
paper a simple, accurate, sensitive and precise RP-HPTLC
method has been developed for determination of Voriconazole
in the bulk and in cream formulation.
2. Experimental
2.1. Materials and reagents
Voriconazole was supplied as a gift sample from Glenmark
Pharmaceutical LTD, Sinnar, and Nasik, India. All chemicals
and reagents used were of Analytical grade and were pur-
chased from Merck Chemicals, India.
2.2. Chromatographic conditions
The plates were prewashed with methanol and activated at
100 C for 5 min prior to chromatography. The drug standard
and samples were spotted in the form of bands of 6 mm width
with a Camag microlitre syringe on precoated silica gel alumin-
ium plates 60 RP-18 F254 S(20 · 10 cm with 200 mm thickness,
E. Merck), using a Camag Linomat 5 applicator. The slit
dimension was kept at 6.00 · 0.45 mm (micro) and 20 mm/s
scanning speed was employed. The mobile phase consisted of
Acetonitrile: Water (60:40 v/v), and 10 mL of mobile phase
was used. Linear ascending development was carried out in a
20 · 10 cm twin trough glass chamber (Camag, Muttenz,
Switzerland) saturated with the mobile phase. The optimized
chamber saturation time for the mobile phase was 20 min at
room temperature (25 C± 2). The length of the chromato-gram run was approximately 80 mm. After development; the
HPTLC plates were dried in a current of air with the help of
an air dryer. Densitometric scanning was performed on a Ca-
mag TLC scanner 3 and was operated by winCATS software
(Version 1.3.0).
2.3. Preparation of standard solution and linearity study
Stock standard solution was prepared by dissolving 10 mg of
Voriconazole in 10 mL methanol to obtain concentration
1 mg/mL. Aliquots of standard solutions 0.2, 0.4, 0.6, 0.8,
1.0 and 1.2 mL of Voriconazole were transferred into six sep-
arate 10 mL volumetric ﬂasks and volumes were made up to
the mark using same solvent. An appropriate volume 10 lL
was applied with the help of microlitre syringe, using Linomat
5 applicator on RP-HPTLC plate to obtain concentrations of
200, 400, 600, 800, 1000 and 1200 ng/band. The standard
curves were assessed for within day and day-to-day reproduc-
ibility. Each experiment was repeated for six times.3. Method validation
3.1. Precision
Precision can be performed at two different levels i.e. repeat-
ability and intermediate precision. Repeatability of sample
application and measurement of peak area were carried out
using six replicates of the same band (600 ng/band of Vorico-
nazole). The intermediate precision results from the variations
such as different days, analysts and equipments. The intra-day
variation experiments were studied using three different con-
centrations over the linearity range within same day. The in-
ter-day variations in the methods were assessed by studying
three different concentrations for three different days over a
period of week. The intra and inter-day variation for the deter-
mination of Voriconazole was done at three different concen-
tration levels of 400, 600, and 1000 ng/band.
3.2. Limit of detection (LOD) and limit of quantiﬁcation
(LOQ)
In order to determine limit of detection and limit of quantiﬁca-
tion, Voriconazole concentrations in the lower part of the lin-
ear range of the calibration curve were used. Voriconazole
solutions of 200, 240, 280, 320, 360 and 400 ng/band were pre-
pared and applied on RP-HPTLC plate. The LOD and LOQ
were calculated using equation LOD= 3.3 · N/B and
LOQ= 10 ·N/B, where, ‘N’ is standard deviation of the peak
areas of the drugs (n = 3), taken as a measure of noise, and ‘B’
is the slope of the corresponding calibration curve.3.3. Speciﬁcity
The speciﬁcity of the method was determined by examining
Voriconazole standard and Voriconazole extracted from the
cream formulation. The spot for Voriconazole in sample was
conﬁrmed by comparing the Rf values and spectra. The
peak-purity of Voriconazole was assessed by comparing the
spectra at three different levels, i.e., peak- start (S), peak- apex
(M) and peak- end (E) positions of the band.
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Ruggedness of the method was performed by spotting 600 ng/
band of Voriconazole by two different analysts keeping same
experimental and environmental conditions.
3.5. Accuracy
The pre- analysed samples were spotted with extra 80 %,
100% and 120% of the Voriconazole standard and the mix-
tures were re-analysed by the proposed method. This was per-
formed to check the recovery of the drug at different levels in
the formulations.
3.6. Robustness
Robustness measures the capacity of an analytical method to
remain unaffected by small but deliberate various in method
parameters. By introducing small changes in the mobile phase
composition, the effects on the results were examined. Mobile
phases having different compositions of Acetonitrile: Water
(58:42 v/v), Acetonitrile: Water (62:38 v/v) tried and chromato-
grams were run. The amount of mobile phase, temperature and
relative humidity varied in the range of ±5%. The plates were
prewashed with methanol and activated at 100 ± 5 C for 2, 5
and 7 min prior to chromatography. Time from spotting to
chromatography and from chromatography to scanning varied
from 20, 30 and 40 min.
3.7. Application of proposed method to cream formulation
To determine the concentration of Voriconazole in cream
(Labelled claim: 1% voriconazole), 3 g of cream formulationFigure 2 Chromatogram of Voriconazole standard 1000 ng/band (R
scanned at UV detection at 257 nm.was accurately weighed and transferred into 50 mL volumetric
ﬂask, to it 5 mL of tetrahydrofuran was added and heated on a
water bath at 60 C, cool and volume was made up to the
50 mL mark with solvent (Acetonitrile: Water 50:50 v/v). The
resulting solution was ﬁltered using 0.41 lm ﬁlter (Milliﬁlter,
Milford, MA). From it, appropriate volume 2 mL was diluted
to 10 mL with methanol. The appropriate volume 5 lL was
applied on RP-HPTLC plate. The experiment was repeated
six times.4. Results and discussion
4.1. Development of optimum mobile phase
Different compositions of the mobile phase for RP-HPTLC
analysis were experimented with an objective to obtain high
resolution and reproducible peaks. The required objective
was achieved using Acetonitrile: Water (60:40 % v/v) as the
mobile phase. The wavelength of 257 nm was found to be opti-
mal for the highest sensitivity. Sharp and well deﬁned peaks
for the Voriconazole were obtained at Rf 0.48 ± 0.02 when
the chamber was saturated with mobile phase for 25 min at
room temperature. The chromatogram of Voriconazole stan-
dard is shown in Fig. 2.4.2. Calibration curve
The acceptability of linearity data is often judged by examining
the correlation coefﬁcient and intercept of the linear regression
line for the response versus concentration plot. The linear
regression data for the calibration curves showed good linear
relationship over the concentration range 200–1200 ng/band.f 0.48 ± 0.02) in Acetonitrile: Water (60:40 v/v) as mobile phase
Figure 3 3D Calibration linearity graph of Voriconazole (200–1200 ng/band).
Table 1 Intra-day and Inter-day precision of RP-HPTLC method.
Drug Conc. ng/band Intra-day Inter-day
%Amount founda % R.S.D. % Amount founda % R.S.D
Voriconazole 400 98.82 0.93 98.99 1.03
600 101.34 0.53 101.03 0.80
1000 100.46 0.60 100.30 0.90
a Mean of three estimations.
Figure 4 Comparison of Voriconazole standard and Voriconazole extracted from Cream.
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Table 2 Recovery study.
Drug/Label claim Initial amount of drug (ng/band) Amount of standard drug added (%) % Recoverya %RSD
Voriconazole 1%(w/w) 500 80 98.47 1.06
100 101.10 0.85
120 100.31 0.61
a Mean of three estimations at each level.
Table 3 Robustness of the method.
Parameters %RSD of peak area
Mobile phase composition (±2 mL) 0.44
Development distance (±0.5 cm) 0.62
Duration of saturation (±2 min) 1.18
Time from spotting to
chromatography (±10 min)
0.52
Time from chromatography
to scanning (±10 min)
0.45
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60.684 (Fig. 3.) The regression coefﬁcient (r2 = 0.999) is
generally considered as evidence of acceptable ﬁt.
4.3. Validation of method
4.3.1. Precision
The precision of the developed RP-HPTLC method was ex-
pressed in terms of % relative standard deviation (%RSD).
The % RSD value for repeatability of sample application
and amount of Voriconazole was estimated and was found
to be less than 2. The results depicted revealed high precision
of the method and are presented in Table 1.
4.3.2. LOD and LOQ
Detection limit and quantiﬁcation limit were calculated by the
method as described above. The LOD and LOQ were found to
be 19.99 ng and 60.60 ng respectively. This indicates that the
sensitivity of the method is adequate.Figure 5 Chromatogram of Voriconazole extracted from cream 60
mobile phase scanned at UV detection at 257 nm.4.3.3. Speciﬁcity
The peak purity of Voriconazole was assessed by comparing
the spectra at peak-start, peak -apex and peak- end positions
of the spot, i.e., r2 (S, M) = 0.996 and r2 (M, E) = 0.998.
Excellent correlation (r2 = 0.999) was also obtained between
standard and sample spectra of Voriconazole Fig. 4.0 ng/band (Rf 0.48 ± 0.02) in Acetonitrile: Water (60:40 v/v) as
S360 M.W. Jain et al.4.3.4. Ruggedness
The method was executed out by two different analysts under
the same experimental and environmental conditions; the re-
sults were calculated in terms of % RSD of amount found.
The % RSD was found to be less than 2 which indicate that
the method is rugged.
4.3.5. Recovery study
The accuracy of the method is studied to measure that other
components in the pharmaceutical formulation do not inter-
fere with analytical method.
The proposed method when used for extraction and
subsequent quantiﬁcation of Voriconazole from the cream for-
mulation after over spotting with 80%, 100% and 120% of
additional drug, gives excellent recovery of Voriconazole. The
amounts of drug added were determined and the % recovery
is shown in Table 2. The results obtained indicate that other
components do not interfere with the analytical method.
4.3.6. Robustness of the method
The standard deviation of peak areas was calculated for each
parameter and % RSD was found to be less than 2%. The
low value of % RSD, Table 3 indicates the reliability of ana-
lytical method during normal usage.
4.3.7. Assay of Cream formulation
The chromatogramofVoriconazole after extraction from cream
formulation showed as single spot at Rf 0.48 ± 0.02. It was
further observed that there was no interference from the excipi-
ents commonly present in the cream formulation. (Fig. 5) The%
drug content±S.D. was found to be 99.88 ± 0.91. The amount
of drug estimated was found to be in close agreement with label
claim which indicates the suitability of this method for routine
analysis of Voriconazole in pharmaceutical dosage forms.5. Conclusion
The present RP-HPTLC method is precise, speciﬁc, sensitive
and accurate. Statistical analysis proved the method is repro-
ducible and selective for analysis of voriconazole in the bulkdrug and in cream formulations. The method can be used to
determine the purity of the commercially available drug.
The additives usually present in the cream formulations of
the assayed samples did not interfere with determination
voriconazole.Acknowledgements
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